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ABSTRACT 



This thesis investigates the feasibility of 
constructing a quantitative model of the Navy's aircraft 
carrier aviation logistic support system. The emphasis is 
on predicting the effect that an interruption of COD/VOD 
material would have on the sustainability of aircraft 
readiness. Two forecasting models were constructed; one for 
forecasting full mission capable rates (FMC) and one for 
forecasting mission capable rates (MC) . The conclusion was 
that aircraft readiness is very sensitive to a prolonged 
interruption in the external air logistic support pipeline. 
Recommendations are made to conduct specific carrier 
operations to extend the range of actual data observations. 

Non-linear, multiple regression and Box-Jenkins 
statistical techniques were utilized. A substantial data 
base consisting of various measures of the logistic support 
system over a three year period is included. 
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I. 



INTRODUCTION 



When an aircraft carrier commences a deployment, it 
takes with it a logistic support system designed to sustain 
operations for a finite period of time. Part of that 
logistic support system, one which has become an integral 
part of daily operations, is the arrival of material via 
carrier onboard delivery (COD) and/or vertical onboard 
delivery (VOD) . This thesis defines such COD/VOD 
deliveries as part of the external logistic support system 
and attempts to measure the importance of this logistic 
support element in terms of aircraft readiness. 

A. THE SCENARIO 

A small country in Central America is believed to be on 
the brink of becoming the next major Soviet block strong- 
hold in the western hemisphere. Prior U.S. involvement in 
this nation has consisted of providing money, material, and 
political support for a small counter-revolutionary 
movement. It is believed, however, that this small country 
will become inextricably aligned with the Soviets unless 
decisive action is taken. 

Intelligence sources have confirmed the increasing 
presence of Soviet military equipment and advisors. 
Airfields capable of supporting the largest military 
aircraft are under construction. Air defense capability is 
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in place and being strengthened. Deep water sea ports on 
both the Caribbean and Pacific coasts have recently been 
visited by Soviet military ships and commercial vessels. 

These issues, and the alternatives for dealing with 
them, have been hotly debated in closed sessions of both the 
US House and Senate. World opinion is badly divided over 
the eventual actions that the United States may take. In 
particular, the other countries in Central America have 
declared themselves neutral and are flatly refusing to allow 
the U.S. to fly military aircraft over or through their 
countries. They are also prohibiting the use of their 
harbors and territorial waters by U.S. warships. 

The President has ordered a Navy Carrier Battle Group to 
steam south from west coast ports and take up station off 
the coast of this troubled Central American country. Their 
mission is to fly daily air reconnaissance flights and 
maintain maximum battle readiness. 

The third world countries of Central America have 
essentially cut-off the customary logistic support pipeline 
for a battle force by precluding entry of U.S. aircraft into 
their national air space and closing their airfields and 
harbors to U.S. military planes and ships. The only means 
of resupplying the battle group is with ships from the 
mobile logistic support force (MLSF) . 
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B. THE ISSUES 



This fictitious scenario is the author's means of 
defining an environment within which questions can be posed 
and answers proposed. It limits the scope of the thesis and 
focuses the reader's attention on the issue under 
investigation: aircraft readiness sustainability in the 

event of deprivation of external air logistic support. 

The data collected for this thesis shows that during 
seven major Pacific Fleet deployments the aircraft carrier 
air logistic support pipeline has remained connected to the 
ship for 73.5% of the days at sea. For every 7 days at sea 
there were, on the average, 5 days when cargo and/or mail 
reached the carrier via C-2 , US-3A, S-3A or helicopter. The 
mean weight (cargo plus mail) of these shipments was 2,250 
lbs. This high degree of connectivity to the external 
supply support system raises a number of questions: 

1. Is aircraft readiness dependent on this level of air 
logistics support? 

2. How sensitive are readiness levels to a change in the 
length of the air logistic pipeline (as measured by 
time) ? 

3. How long can high readiness levels be sustained when 
the logistic pipeline is completely cut? 

4. Has the onboard logistic support system become so 
accustomed to almost daily material delivery that it 
has, through its data collection system, incorporated 
or internalized "artificially" short material delivery 
times, thus rendering aircraft availability more 
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sensitive than necessary to an interrruption in the 
logistic pipeline in the future? 1 



C. OVERVIEW 

Chapter II is the author's conceptual model of the 
aircraft carrier logistic support system. A systems 
approach was taken to translate the organizational logistics 
elements (supply, organizational level maintenance, 
intermediate level maintenance, etc.) into a model influence 
diagram. Decision variables, performance measures, 
exogenous variables, constraints, policies and intermediate 
variables are identified and discussed. 2 The ideas 
presented in this chapter are the foundation of the analysis 
developed in chapters IV through VII. 

Chapter III presents comments on previous reports and 
studies in the area of aircraft carrier logistic support. 

A quantitative approach was used to address the thesis 
questions. Data measuring attributes of aircraft readiness, 
demand for logistic support, onboard supply support, and 



-'■This question refers to the formula for calculation of 
rotatable pool allowance quantities based on repair turn- 
around time (TAT) . Under present policy, TAT is constrained 
to a maximum of 20 days. Awaiting parts (AWP) time is one 
of the times counted toward that total. AWP is also 
constrained to 20 days. Actual AWP times are used to 
calculate TAT. So, if off-ship AWP requisitions reach the 
carrier significantly faster in peacetime than during war, 
then the TAT's are being understated. Since the TAT is used 
in the computation of rotatable pool allowances, this leads 
to allowances which are understated. 

2 Bierman, Harold Jr., Bonini, Charles P. , and Hausman, 
Warren H. , Quantitative Analysis for Business Decisions . 
Irwin, 1986. 



11 



external supply support were collected from records 
maintained by the Commander, Naval Air Forces U.S. Pacific 
Fleet ( CNAP) . Data was obtained from seven major aircraft 
carrier deployments encompassing three years of operation. 
Chapter IV describes in detail the data elements collected. 

The computer program called MINITAB was used to perform 
data analysis. The data was evaluated using multiple 
nonlinear regression, and Box Jenkins techniques. Chapter V 
outlines the a priori assumptions and expectations that 
underlie the analysis. Chapter VI details the actual steps 
taken in the analysis. And Chapter VII presents the results 
and interpretations. 

Chapter VIII presents the author's conclusions, 
recommendations and areas for further study. 

D. SUMMARY OF FINDINGS 

1. Daily aircraft readiness, as measured by Full Mission 
Capable (FMC) and Mission Capable (MC) rates, can be 
quantitatively modeled as a function of: 

a. the level of demand placed upon the logistic 
support system through the tempo of aircraft 
flight operations 

b. the success of the onboard logistic support system 
in restoring failed aircraft systems, and 

c. the ability of the external logistic support 
system to: 

1) maintain the capacity of the onboard logistic 
support system, and 

2) redress specific failures of the onboard 
logistic support system. 
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The numerical models which support these findings are 
described in Chapter VI, Sections D and E. 

2. The interpretation of the numerical models provides 
clear answers to the four thesis questions. 

a. Aircraft readiness is dependent on the frequent 
receipt of material via the air logistics 
pipeline . 

b. The FMC rate may decline at an estimated rate of 
.37 percentage points per day (e.g., 82% - .37% = 
81.63%) for each day without the arrival of a 
COD/VOD. The MC rate is indirectly linked to 
COD/VOD arrival frequency. The MC rate will 
improve at an estimated rate of .2887 times the 
natural log of the weight of cargo delivered by 
the COD/VOD (e.g., if the current MC rate is 82% 
and a 10,0001b COD/VOD shipment arrives, the next 
day's MC rate should improve to 84.66%; 82% + 

. 2887*lnl0 , 000 lbs = 84.66%). 

c. If both the surface and air logistic pipeline are 
cut for a period of 45 days, FMC and MC might 
drop below 33%. Given that surface 
transportation will get through to the carrier, 
the effects on readiness will be primarily 
dependent upon the MLSF ship's transit time and 
the number of days backlog of high priority parts 
that accumulate piersided between MLSF ship 
departures. A more explicit answer to the above 
question would depend on additional assumptions 
about the scenario and the use of a stochastic 
simulation model. See Chapter VIII Section B. 

d. The AVCAL provisioning process uses actual 
external logistic support system response times in 
the determination of rotatable pool allowances. 

The extent to which the incorporation of peacetime 
transportation times for AWP requisitions will 
effect rotatable pool issue effectiveness and thus 
readiness is an excellent topic for another 
thesis. See Chapter VII Section C. 

3. Chapter VIII contains additional discussion of the 
thesis questions as well as details about the 
recommendations outlined below. 

a. Battle group commanders and, to a lesser degree, 
ship's company personnel have control over some 
key variables in the FMC/MC forecasting models. 

The data presented in this thesis can be used to 
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quantitatively judge the effects that changes in 
these variables may have on readiness. The 
ability to quantify the tradeoffs between 
readiness and flying hours or readiness and 
keeping the US-3A flying may make it easier for 
commanders to estimate the effects of their 
decisions . 

b. Carrier battle groups expend a tremendous amount 
of resources practicing battle tactics and 
evaluating weapon systems performance. A great 
deal of effort goes into making those exercises 
as real as possible so that the inferences from 
the collected data can be extrapolated into actual 
combat conditions. Certainly the logistics system 
is also tested during these exercises. However, 
the same kind of combat simulation and performance 
data collection has not been consciously applied 
to the aviation logistic support system. 

During the 3 years of observed carrier 
deployments, the longest period a carrier had to 
operate without either a port call or a COD/VOD 
delivery was 12 days. The forecasting models 
strongly suggest that a break in the logistics 
pipeline will have a very significant negative 
effect on the sustainability of aircraft readiness 
levels . 

Because there have been no instances when a 
carrier has had to operate without external 
aircraft logistic support, there are no hard data 
from which to draw conclusions. Therefore, the 
author recommends the following actions: 

- Implement special logistics data collection 
procedures on a specific carrier. 

- Conduct an exercise in which there is an 
actual 30-45 day denial of external aviation 
logistic support. 

The results of such an exercise would be 
invaluable in identifying weaknesses of and 
improvements to carrier aircraft combat 
sustainability. 

c. Other studies have attempted to create inventory 
models that measure performance in terms of 
aircraft readiness, as opposed to supply issue 
effectiveness. Supply performance measures such 
as AVCAL net and gross effectiveness are 
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calculated and reported monthly. Correlational 
analysis between measures of supply effectiveness 
and aircraft performance cannot be improved until 
the resolution (level of data aggregation) of 
supply data matches that of the readiness data. 

The AMRR reports aircraft material condition on a 
daily basis. The AV3M data collection system can 
track aircraft availability on an hourly basis. 
Without raising the spector of voluminous 
increases in supply data reporting requirements, 
it is suggested that the recently installed 
Shipboard Uniform Automated Data Processing System 
-Real Time (SUADPS-RT) and NALCOMIS Repairables 
Management Module (NRMM) have the capability to 
produce the data required to calculate supply 
issue effectiveness on a daily basis. The 
availability of daily issue effectiveness figures 
would allow analysts to construct a model to 
bridge the current gap between issue effectiveness 
and aircraft readiness. 

d. The author manually gathered the data for this 
thesis from the pacific fleet air type commander 
where operational performance reports are retained 
for 3 years. Unless this type of information is 
presently archived in another location, it is 
recommended that longer term retention, on 
magnetic or optical storage mediums, be used. 

Ready access to historical data would improve both 
the opportunity for and quality of future 
quantitative analysis of logistic support issues. 

4. There is practically an unlimited amount of discussion 
and "what if" analysis that could be done with the 
data collected for this thesis. Much of the analysis 
and interpretation performed in this thesis has been 
purely academic, but the author hopes that some of 
the ideas, facts, and recommendations contained herein 
will expand our understanding of carrier aviation 
logistic support. 
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II. LOGISTIC SUPPORT SYSTEM OVERVIEW 



The thesis investigation requires an understanding of 
the overall carrier aircraft logistic support system. This 
chapter provides an overview of how this system works and 
highlights those areas that will be specifically analyzed. 
Logistic support is defined. The major components of the 
system are identified. The system as a whole is outlined. 
Interactions between components are described. And, a model 
influence diagram in constructed. 



A. DEFINITION OF LOGISTIC SUPPORT 

Logistic support is viewed as the composite of all 
considerations necessary to assure the effective and 
economical support of a system throughout its programmed 
life cycle. . . . The major elements of logistic support 

are: . . . maintenance planning . . . supply support . . . 
test and support equipment . . . transportation and 

handling . . . personnel and training . . . facilities 

. . . data . . . (and) computer resources. 1 

The readiness and sustainability of a carrier based 
airwing is dependent upon each of the logistics elements 
being in place and functioning. 

Each logistics element has a different time horizon over 
which it can be considered fixed. Facilities and computer 
resources, for example, will be fixed over time periods 
between overhauls and/or restricted availabilities. Supply 



^■Blanchard, Benjamin S., Logistics Engineering and 
Management . 3rd ed. , Prentice-Hall, Inc., 1986, p. 11. 
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support, on the other hand, can vary in its capacity and 
performance from day to day depending on circumstances at 
the time the deployment starts, the demands placed upon it 
and subsequent opportunities for replenishment. 

The question of how well any one logistics element is 
performing must be preceded by consideration of how well it 
was designed (funded) to perform. What is the standard 
against which the performance is to be measured? For the 
aircraft logistic support system, there are few measures 
that reflect the performance of the individual logistic 
support elements as set forth above. There is, however, one 
commonly used standard against which performance of the 
overall system is measured: aircraft readiness, expressed in 
terms of the percentage of aircraft fully mission capable 
(FMC) and mission capable (MC) . 

The FMC and MC readiness statistics of recent carrier 
deployments will be used in the thesis as the standard 
(dependent variable) against which the effects of changes in 
the logistic support system will be measured. 

B. MAJOR COMPONENTS OF THE LOGISTIC SUPPORT SYSTEM 

The logistic support system is divided into two parts: 
internal logistic support and external logistic support. 

Internal logistic support includes all logistic elements 
which deploy with the carrier battle group. Internal 
logistic support is what the battle group commander can 
consider to be on hand and available for immediate use. 
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External logistic support is construed to be all 
logistic elements that are provided to the carrier battle 
group from time to time and having their origins at shore 
support facilities. External logistic support elements may 
be considered available to the battle group commander 
subject to several constraints: the time it takes to 

transport the services or material to the battle group's 
location; the availability and capability of transportation 
assets; the possibility of enemy interdiction; and ultimate 
availability of the services or material from the shore 
support facilities. 

The sustainability of the battle group's mission will be 
a function of its internal logistic support 
capacity/performance and the effectiveness of the external 
logistic support system. It is the external system which 
must maintain internal capacity and redress specific 
failures of the internal logistic support system. 

1 . Carrier Aircraft Logistic Support System 

We now focus our attention on aircraft logistic 
support aboard the carrier. The major components of the 
onboard logistic support system are: the organizational 
level maintenance divisions of the airwing (O-level) ; the 
ship's aircraft intermediate maintenance department (AIMD) ; 
and the ship's supply department. 

There are a number of components to the external 
logistic support system. The major ones are: supply system 
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stock points; shore based aircraft intermediate and depot 
level repair facilities; aircraft functional wing commands; 
and transportation assets 2 . 

2 . Logistics System Inputs, Outputs and Feedback 

Mechanisms 

For the aircraft logistic support system, the inputs 
are: broken aircraft and/or broken aircraft subsystems; and 
resources in the form of people, test and support equipment, 
technical documentation, facilities, and supply support. 

The outputs are: up aircraft, ready for issue (RFI) 
repairable components, and non-RFI component retrograde. 3 

There are many feedback mechanisms used to measure 
the performance of and control the logistic support system. 
The primary mechanism is the aviation 3M (Maintenance and 
Material Management) reporting system. The mechanism which 
probably receives the highest level of attention is the 
daily aircraft material readiness/air operations report. 
There are weekly aviation supply management reports and 
monthly shipboard uniform automated data processing system 



2 The battle group will have both air and surface 
transportation assets assigned to it; MLSF ships, 
helicopters for vertical replenishment operations, S-3A 
aircraft with external cargo pods and C-2 cargo planes. 

These assets would probably only be used to pick up material 
which has been brought into the mission area by external 
transportation assets. 

3 The terms carcass and retrograde may sometimes be used 
interchangeably. A non-RFI repairable component may be 
called a carcass while in the I or D level repair cycle or 
retrograde if it is in the transportation system heading 
back to the wholesale supply system. 
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(SUADPS) reports. There are numerous operational level 
feedback mechanisms which are feeder reports to those listed 
above. 

Figure 2-1 is a graphical representation of the 
overall aircraft logistic support system. 



Aircraft Logistic Support SysteM 



stock replenishiicnt 
\DT0 repair parts/ 



Non-RFI 

retrograde 




Inconing Messages 
requisition status 
technical data 

response to service requests 



Outgoing Messages 

reguests for Material 
requests for services 
reports 



1. squadron orders material from supply 

2. non-RFI carcass is turned in to supply 

3 . supply department issues material to squadron 

4 . supply sends non-RFI carcasses to AIMD 

5. AIMD orders material from supply 

6. AIMD provides direct support to squadron 



Figure 2-1 Aircraft Logistic Support System 
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C. INTERNAL SYSTEM INTERACTIONS 



The squadron maintenance, AIMD and supply departments 
interact at several levels. In essence, it is a complex 
synergistic organization which is wholly dependent on the 
successful performance of each individual element to achieve 
the overall objective of keeping aircraft in an up status. 

Figure 2-1 shows, in simplified form, six of the 
interactions between departments. A brief discussion of 
each interaction follows: 

1. The material control section of the O-level 
maintenance activity (squadron) passes a requisition 
for material, either consumable or repairable to the 
supply department. 

2. If the requisition was for a repairable component, the 
O-level maintenance activity gives the non-RFI carcass 
to the supply department. 

3. The supply department issues the requested material to 
the squadron. In the case where the material is not 
carried (NC) or not in stock (NIS) and/or it is a 
repairable assembly, there are a number of sub-proce- 
dures that the supply department must follow. 

However, the ultimate responsibility of the supply 
department is to provide the required part. 

4. For those repairable components received as turn-ins 
from the O-level, the supply department sends the 
carcasses to the AIMD for repair. Carcasses repaired 
by AIMD are returned to the supply department where 
they are place in inventory to await the next demand. 

5. While a repairable component is undergoing repair 
within AIMD a subassembly or non-repairable bit & 
piece part may be required to complete the maintenance 
action. In this case the AIMD requests this material 
from the supply department. It is the supply 
department's responsibility to provide the part or 
advise AIMD that the most efficient action may be to 
declare the component beyond their capability to 
repair due to the lack of parts. 
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6 . 



There are a number of requirements for aircraft 
support that are handled directly between the AIMD and 
squadron maintenance divisions. They fall primarily 
into the area of test and support equipment (e.g. 
calibration and yellow gear) but may include assist 
actions such as non-destructive testing. 



D. EXTERNAL SYSTEM INTERACTIONS 

There are four interfaces between the onboard logistic 
support system and the external logistic support system 
shown in Figure 2-1. 

1. Outgoing message traffic relating to aircraft 

logistic support can be grouped into three general 
categories: operational readiness reporting and 

requests for assistance; requisitions for consumable 
material not in stock (NIS) or not carried (NC) at the 
time it was requested or requisitions for repairable 
components that could not be repaired by AIMD; and 
stock replenishment requisitions and related follow-up 
actions. Although not directly within the scope of 
this thesis, it could be shown that a disruption or 
reduction in capacity of the communications system 
would also have a negative effect on the capacity and 
performance of the onboard logistic support system. A 
communications disruption would also hamper the 
external logistic support system's ability to provide 
the material and services required to sustain the 
onboard logistic support system. 

2. Incoming message traffic provides information 
important to the maintenance and supply decision 
making process. Knowledge of the availability of 
parts and/or services and their expected delivery 
times from the external logistic support system is 
required to make optimal resource allocation decisions 
onboard. 

3 . The primary area under investigation in this thesis is 
the external logistics interface that actually puts 
the material on the deck of the carrier. How this 
interface effects aircraft readiness will be explored 
in depth. 

4. For almost every repairable component that cannot be 
repaired onboard there will be a non-RFI carcass that 
must be sent off the carrier to be placed into the 
supply system depot level repair process. In the 
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scenario proposed in Chapter 1, an interruption of 
the transportation system would probably have a 
negligible effect on the performance of the wholesale 
supply system. However, in a larger global conflict, 
the efficiency with which non-RFI carcasses could be 
returned to the depot for repair and then return to 
supply stock points might prove to be a limiting path 
in sustainment of aircraft readiness during a 
protracted conflict. 



E. MODELING THE LOGISTIC SUPPORT SYSTEM 

The real world functioning of the aircraft carrier 
logistic support system is enormously complex. In order to 
address the thesis questions we must simplify and abstract 
from the empirical situation those factors most relevant to 
the problem. Factors or variables used to construct a 
model can be classified into five catagories? decision 
variables, exogenous variables, policies and constraints, 
intermediate variables and performance measures. Each of 
these catagories is explained. 4 

Decision variables are those aspects of the logistic 
support system that are under the control of the decision 
maker. 5 Examples of decision variables which will effect 
deployment readiness are: 



4 Bierman, H. Jr., Bonini, C.P., and Hausman, W.H., 
Quantitative Analysis for Business Decisions . 7th ed. , 

Irwin, 1986, pp. 6-21. 

5 The perspective of the reader certainly effects what 
is viewed as being under the control of a decision maker. 

For the purposes of the thesis, decision makers are 
considered to be at the carrier battle group commander level 
or above. 
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How many hours per day will aircraft fly? 

What is the cargo routing for the battle group? 

How frequently will logistic support aircraft (US or S-3A, 
C-2) pick up passengers, mail and cargo? 

How will the MLSF ships be used to deliver supplies from 
the external logistic support system? 

When and to what degree will off ship communications be 
limited? 

Exogenous variables are those variables that are 
important to the logistic support system but are controlled 
by factors outside the purview of the decision makers. 
Examples of these are: 

Congressional funding of the logistic support elements. 

The political or military situation which dictated the 
geographical mission area of the battle group. 

Availability of advance logistic support bases. 

Hostile threats to transportation elements of the logistic 
support system. 

Weather and sea state. 

Policies and constraints represent limitations on the 
system which may be fixed over the time horizon of the model 
being constructed but are still within the control of 
decision makers over a longer period. For a deploying 
carrier these might be: 

The number and mix of aircraft the carrier deploys with. 

Inherent aircraft reliability and maintainability. 

The spare parts allowances and percent of allowances 
filled. 

Organizational and intermediate maintenance capability. 
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Funding levels for aircraft flight operations and 
maintenance. 

Manning levels. 

Personnel training and experience levels. 

Intermediate variables express the direct and indirect 

interrelationships between the components of the logistic 

support system. They are a function of; the decision 

variables, exogenous variables, and policies and 

constraints; and the structure of the system. For example; 

The number of demands for repair parts placed on the 
supply department is a function of the reliability and 
maintainability of the embarked aircraft and the number of 
hours that the aircraft are flown. The number of hours the 
aircraft are flown is a decision variable while the 
inherent reliability of the aircraft is a constraint. How 
this translates into an effect on overall aircraft readi- 
ness is dependent upon the entire onboard logistic support 
system's capacity and performance. 

Performance measures are the attributes of the goals or 
objectives the decision makers are trying to achieve. In 
our case, the final measure of performance is aircraft 
readiness. There is however a complication. There is no 
common factor with which to measure each individual logistic 
support element's contribution to aircraft readiness. 

Instead there are measures such as; maintenance manhours, 
cannibalization rate, number of inductions, RFI rate, supply 
response time, AVCAL effectiveness, and etc.. So, what we 
really have is a number of intermediate level performance 
measures® which must be quantitatively analyzed and 

intermediate performance measures are "proxies" for 
the underlying activity performed in each system component. 
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structured into a mathematical equation with which we can 
predict effects on readiness (the overall performance 
measure) caused by changes in the major components of the 
logistic support system. 

F. THE MODEL INFLUENCE DIAGRAM 

The intuitive understanding that aircraft readiness is a 
function of factors such as aircraft reliability, mission 
demand and logistic support needs no empirical proof. It is 
the objective of this thesis however, to develop a 
quantitative understanding of how those factors effect 
readiness. To assist in understanding the system and 
relationship of key variables, an influence diagram is shown 
in Figure 2-2. 

The influence diagram is divided into three sections. 

At the top is the objective (the dependent variable and 
performance measure, aircraft readiness) measured in terms 
of MC and FMC rate. In the center are the sub-systems or 
constructs 7 which operate on the system inputs. Within 
each sub-system are listed some examples of intermediate 
level performance measures. At the bottom, are the decision 
variables, exogenous variables, policies and constraints 
which together constitute the inputs to the model 
(independent variables) . 

7 Euske, K. J., Management Control: Planning, Control. 
Measurement, and Evaluation . 1st ed. , Addison-Wesley , 1984, 
p. 77. 



26 



The influence diagram suggests various relationships for 
which quantitative performance measures are available for 
statistical analysis. The numbered interactions between 
Supply, AIMD and O-level (1-6) are the same as those in 
figure 2-1, as are the interactions between the external and 
internal logistic support systems (l,m,n and o) . Brief 
examples of the influences suggested by (a)-(k) of Figure 2- 
2 are listed below. 

a) The number of aircraft onboard establishes the base 
over which flying hour requirements are spread. The 
flight schedule dictates the number of sorties and 
flight hours that must be performed by those aircraft. 
Aircraft reliability and maintainability drives the 
requirement for maintenance and spare parts. 

b) The threat environment influences the types of 
aircraft flown, mission length, and demand for 
aircraft availability. 

c) AVCAL provisioning establishes the supply department's 
capacity to fill requisitions. 

d) The threat environment may influence the type and 
availability of logistic transportation assets that 
can be used to resupply the battle group. 

e) The frequency and type of COD/VOD delivery controls 
the volume and speed of material reaching the battle 
group. 

f) Communications to and from the ship will influence the 
efficiency and effectiveness of the external logistic 
support system's responses to battle group 
requirements. 

g) Cargo routing effects the volume and speed of material 
reaching the battle group. 

h) Geographical mission area effects the availability of 
forward logistic support bases. 

i) Port visits provide opportunities for large scale 
resupply. 
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j) Funding and manning levels effect every element of the 
entire system. 

k) Geographical mission area may effect aircraft 
performance (mean time between failure) via hostile 
climatic influences as well as the ability of 
organizational level maintenance personnel to perform 
preventative and corrective maintenance. 

An investigation of all the possible relationships using 
the full range of potentially available data is well beyond 
the scope of the thesis. Chapter IV describes the specific 
data elements collected and Chapter V outlines the specific 
hypotheses to be tested. 
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Figure 2-2 Aircraft Logistic Support System 
Model Influence Diagram 
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III. REVIEW OF PREVIOUS STUDIES 



There is a tremendous volume of prior studies that deal 
directly or indirectly with the logistic support of aircraft 
carriers. A comprehensive review of these works is too 
lengthy for this thesis. This chapter describes several of 
the most recent research concerning the logistic support of 
aircraft carriers. 

A. CLOSELY RELATED WORKS 

No other studies where found that had constructed FMC 
and MC forecasting models based on selected measures of the 
overall aircraft logistic support system. There were, 
however, a number of studies with similar objectives. 

S. Guion, in his October 1982 Master's Thesis, prepared 
at the Naval Postgraduate School (NPS) , dealt specifically 
with the modeling of supply performance indicators to 
predict readiness. The results of this work lead, in part, 
to the creation of the data base at CNAP which provided the 
data for the present research. Guion 's analysis and 
conclusions were limited by the quantity and types of data 
available to him. 

K.M. Myette, also a student at NPS, wrote a quantitative 
thesis evaluating the advantages and disadvantages of 
aircraft cannibalization. His contention was that 
cannibalization is a viable, cost effective means of 
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improving aircraft readiness in the face of inefficiencies 
in supply support. 

J . A . Bellflower, a student at the Naval War College, 
prepared a paper which addresses the importance of aviation 
spare parts availability on aircraft material readiness 
goals. The paper is qualitative in nature and emphasizes 
the relationship between budgeting and achieved readiness. 

The Center for Naval Analyses has published two reports 
covering topics related to this thesis. Report 83-0845 
examines the relationship between the mission capable rates 
reported in the Aircraft Material Readiness Report (AMRR) 
and the AV3M Sub-system Capability and Impact Report (SCIR) . 
The conclusion of this report was that while the AMRR and 
SCIR report significantly different readiness rates, (SCIR 
being lower then AMRR) the reported readiness levels do 
somewhat parallel each other (and converge at higher 
readiness levels) and can thus be used with some confidence 
to judge the material condition of air wings. 

CNA Report 1138 — Vol. I, is an extensive quantitative 
study of the ability of various logistic aircraft to deliver 
personnel, mail and cargo, at least-cost, from shore to the 
carrier battle group. Data from this CNA report could be 
used to extend the interpretations and conclusions of this 
thesis. Cost information for COD/VOD services could be 
combined with the marginal product analysis in Chapter VII, 
Section B to arrive at a least cost combination of 7R 
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inventory investment and COD/VOD delivery frequency. The 
requirement to limit the scope of the thesis precluded 
exploration of this subject area. 

The Center for Naval Analysis is expected to publish a 
related study by Dr. R.H. Nickel during the summer of 1987. 
This report will also examine issues involving COD/VOD 
support to carrier battle groups. 

B. OTHER WORKS IN THE AREA OF AIRCRAFT LOGISTICS SUPPORT 

Other research related to the thesis can be grouped into 
4 general categories: 

1. inventory models 

2. comparison of inventory model performance 

3. inventory financial controls 

4. macro level logistic support issues. 

There were three works found in the inventory model 
category. The Army Concepts Analysis Agency Report TP-84-12 
studies the DYNA-METRIC (Dynamic Multi-Echelon Technique for 
Recoverable Item Control) computer model effectiveness in 
representing a theater army helicopter force in wartime for 
the purpose of analyzing fleet sustainability and parts 
requirements. The U.S. Air Force Operations Analysis Office 
study VECTOR: An Analytic Tool for Planning and Predicting 
Aircraft Soares Support is a simulation model designed to 
predict the number of aircraft down due to parts shortages. 
The RAND Corporation report 2785-AF describes the DYNA- 
METRIC mathematical model for relating aircraft spare-parts 
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supply levels and maintenance capability to aircraft 
readiness. The DYNA-METRIC model attempts to identify the 
effect of several types of support resources on aircraft 
mission readiness. This study discusses both steady state 
and time dependent modeling. 

There were four studies which compared the performance 
measures of various inventory models: CNA report 1180, 

Aviation Parts Allowance Policy ; RAND Corporation note 2210- 
Navy, Enhancing Integration and Responsiveness in Naval 
Aviation Logistics: Soares Stockage Issues ; Fleet Material 
Support Office (FMSO) report 160, Multi-Echelon Models and 
M.D. Sullivan, Master's Thesis, An Analysis of Three AVCAL 
Inventory Models using the TIGER Simulation Model . The most 
extensive of these studies was the RAND note 2210. This 
study provides a good overall look at wholesale and retail 
provisioning problems with heavy emphasis on weapons system 
availability as the objective function in inventory level 
computations . 

There was one study dealing with inventory financial 
controls. R.J. Gough's Master's Thesis entitled Management 
Control of Aviation Fleet Maintenance Funds in a Stock Fund 
Environment discusses the issues and impact of the 
transition of aviation depot level repairables to stock fund 
management . 

There were eight studies which were generally related to 
aviation logistic support and/or took a very macro level 
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view of the system, they were: Chief of Naval Operations 
Report OR- 00 1-04 -8 3 , Aviation Logistic Support Ship CTAV ; 
G.F. Kraus, The Battle Group Commander and His Staff: Issues 
Affecting Warfiahtinq Effectiveness ; T. Moore, Modeling 
Multiple Repairable Equipment and Logistic Systems ; Logistic 
Management Institute, Toward the use of Availability Models 
for Spares Computations in the Department of Defense ; RAND 
Corp . , Carrier Based Air Logistics Study: Maintenance 
Analyses ; RAND Corp., Carrier Based Air Logistics Study Data 
Sources and Issues ; CNA , Relating Resources to Readiness ; 

and D.R. Merrill, Naval Aviation IMA Repair Capability: A 

. . U' «• 

Readiness to Resources Approach . Of these studies r/) shortest 

and most narrowly focused was the Chief of Naval Operations 

memorandum outlining the requirement for rapid deployment 

air intermediate maintenance activities in support of 

deployed Marine Air Groups. The study with the broadest 

scope was the Logistic Management Institute's study which, 

in less than 50 pages, attempted to describe the 

provisioning process of the Army, Navy, Air Force, and 

Defense Logistics Agency and how each service is progressing 

towards implementation of availability optimization 

inventory models. The most rigorous, quantitative study was 

the RAND Carrier Based Air Logistics Study . This study 

concentrated on aircraft intermediate maintenance manpower 

and test equipment required to support avionics subsystem 

repair. 
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C. COMMENTS 

An important trend in the development of inventory 
models and the evaluation of these models is the attempt to 
measure performance using readiness rather than inventory 
fill rates. As mentioned in Chapter I, Section 3(d), the 
author feels that more frequent collection and reporting of 
issue effectiveness can contribute to better correlational 
analysis between readiness indicators and supply 
performance. 

Of concern to the author was the macro view of the 
supply system and its relationship to aircraft readiness 
incorporated into many of the studies. These studies dwell 
heavily on wholesale level provisioning suggesting some kind 
of a "trickle-down" effect for improvement of readiness at 
the shipboard level. Taking a top-down approach to carrier 
aircraft readiness improvement makes the modeling and 
analysis process much more complex and may obfuscate some 
issues such as the underlying theoretical constructs of the 
carrier repair process or assumptions about repair capacity. 
An example of a bottom-up study aimed specifically at 
improving carrier AVCAL rotatable pool performance is a well 
documented study by M.L. Mitchell, NPS Master's Thesis, 

March 1983. Mitchell identified two deficiencies in 
existing models. Those deficiencies involved the method of 
using input data and assumptions of unlimited repair process 
capacity. 
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IV. THE DATA BASE 



A. SOURCES AND USES OF DATA 

The data used in the model was gathered from reports and 
records maintained by the Supply Section of the Commander, 
Naval Air Forces U.S. Pacific Fleet (CNAP) in San Diego, 
California. CNAP is the administrative command of all Navy 
air forces from the west coast of the United States westward 
to the east coast of Africa. 

An explanation of common terms is required to understand 
the meaning of the data elements. In addition, abbreviation 
of the names of data descriptions was required to meet 
length limitations in the computer program used to analyze 
the data. These abbreviations will be identified in this 
chapter. Some data elements in the original data base were 
not used in the analysis process. However, all data 
collected is described in this chapter. 

The data is divided into four catagories. These 
catagories are used throughout the thesis to group the data 
and organize the discussion. Measures of: 

1) Demand for Logistic Support 

2) Onboard Supply Support 

3) External Supply Support 

4) Aircraft Readiness. 

A number of data elements are used within each category. 
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A data element may closely measure a desired attribute 
or it may be an approximation or proxy measure. Proxies are 
used when the attribute measured is too complex or the 
necessary data is not available. 

Data was gathered from three sources: 

1) Daily "Aircraft Material Readiness Report (AMRR) " 

2) Weekly "Aviation Supply Management Report (AVSMR) " 

3) Monthly "Financial Inventory Reports (FIR)." 

Data was obtained from a total of seven major aircraft 
carrier deployments encompassing three years of operations. 
The names of the carriers have been replaced by an index 
number, 1-7, representing the five carriers whose 
deployments were documented. The specific dates associated 
with daily observations have been converted to a sequence of 
consecutive numbers, 1-1094. These steps were taken to 
preclude the requirement to classify the data during the 
analysis and drafting of the thesis. The total number of 
days observed was 1260. The difference between 1260 and 
1094 is the number of days where there was more than one 
carrier deployed. 

As each carrier approaches the end of its deployment, 
management's focus on readiness issues changes and the 
logistic support system begins its transition to a non- 
deployed status. For these reasons data observations for 
the final 6-8 days of each deployment were ignored. 



37 



B. EXPLANATION OF DATA ELEMENTS 



This section explains the organization of the data base, 
each data element and how each element was manipulated 1 
when it was entered into the computer. 

1 . Data Base Organization 

The total data base matrix consists of 1260 rows and 
32 columns for a total of 40,320 data entries. To provide 
better data base security, the data for each deployment was 
entered into an individual MINITAB file. Analysis was done 
using working files created by reading in the required data 
columns from each deployment file. 

2 . Data from the Aircraft Material Readiness Report 
The AMRR 2 is a daily report sent from the carrier 

to approximately 12 operational and administrative commands 
advising those activities of the current aircraft material 
condition and identifying significant aircraft support 
deficiencies. There are a variety of rules that govern the 
reporting. The most significant one in this application is 
that the report is not required daily while in port. Thus 
while there may be flight operations conducted (from shore 



1 The correct alignment of the reported data with the 
point in time it was actually collected onboard the ship or 
the time the reported activity took place is critical to 
accurate analysis. An explanation as to how and why data 
was manipulated will be included with the discussion of each 
data element. 

2 Commander Naval Air Force, United States Pacific Fleet 
Instruction 5442. 5A Aircraft Material Readiness/Air 
Operations Reporting . 2 May 1984. 
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airfields) results of such activity will only be reported 
weekly or upon the first day at sea. 

MC (Mission Capable) is a percentage calculated by 
dividing the total number of MC aircraft onboard by the 
number aircraft in a reportable status. (It is possible to 
have aircraft onboard which, for a number of reasons, are 
not counted against readiness levels.) A MC aircraft is one 
which is capable of performing some but not all of its 
normal missions. MC represents aircraft readiness at the 
start of the flying day. The start of the flying day is the 
same day the AMRR is prepared. Therefore, MC was entered 
into the computer data base as occurring on the same date as 
the AMRR. 

FMC (Full Mission Capable) is a percentage 
calculated by dividing the total number of FMC aircraft by 
the number of aircraft in a reportable status. An FMC 
aircraft is one which is capable of performing all of its 
designated missions. FMC was entered into the data base on 
the same date as the AMRR. 

Flying Hours is the total of day and night hours 
flown by aircraft onboard the carrier and those temporarily 
ashore (those operating at a shore airfield while the 
carrier is in port) . Flying hours represent an activity 
that occurred the day prior to the AMRR preparation. 
Therefore, this data was entered into the computer on the 
date before the AMRR. 
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FMC Sorties is the total number of sorties launched 



using aircraft which were FMC at time of launch. In 
retrospect, the data for total sorties flown should have 
also been obtained. FMC sorties should still be an adequate 
measure of aircraft usage levels in conjunction with flying 
hours. Sorties were entered on the day prior for the same 
reason as flying hours. 

# A Condition Aircraft is the number of aircraft 
that are in "A/B" readiness reportable status. An aircraft 
may be in a status other than "A" or "B" for several 
reasons. For example if the aircraft sustains damage that 
requires depot level repair, the aircraft will be placed in 
an out of reporting status until it can be off-loaded or 
until depot maintenance is performed onboard by visiting 
depot repair personnel. This is the number of aircraft in a 
reportable status as of the date of the AMRR. Therefore, 
this data was entered on the same date as the AMRR. 

Date last COD/VOD is the date that the last receipt 
of cargo and/or mail was received onboard by carrier onboard 
delivery aircraft (fixed wing) or vertical onboard delivery 
(helicopter) . The AMRR reports mail and cargo received the 
previous day. Thus, this data was entered on the date prior 
to the AMRR date. A ,, 0" was entered to represent the 
occurrence of a COD/VOD delivery. A "1,2,3,..." was entered 
to represent the number of elapsed days since the last 
COD/VOD. 
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Aircraft Cannibalization , as reported on the AMRR, 



represents the cumulative number of cannibalization removals 
during the current month. However, this was converted to a 
number of actions per day by taking the difference between 
each day's reported cumulative actions. Although these 
removal actions may have taken place during the previous day 
they directly affected the readiness levels reported on the 
AMRR and will therefore be entered on the same date as the 
AMRR. 

# NMCS/PMCS requirements AWP represents the number 
of on-ship NMCS and PMCS requisitions for repairable 
equipment that is in the AIMD repair cycle with a status of 
awaiting parts. Not all carriers reported this data element 
consistently. Some reported individual figures for both 
NMCS and PMCS while others reported a combined total. For 
this reason the combined total will be used. This data is 
gathered on the same day as the AMRR so it will be entered 
on the same date. 

Inoort Periods identifies when the carrier is inport 
during the deployment. A distinction between port calls at 
locations supported by U.S. military bases and strictly 
"liberty" ports will be made. The differentiation is 
required to more appropriately weight the logistic resupply 
activity while in port. A data entry of "0" will indicate a 
day at sea, "1" will represent a day in a "working" port, 
and "2" a day in a "liberty" port. The AMRR specifies what 
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days were inport and which were at sea. The data was 
entered in the data base accordingly. 

Cargo receipts p/w/c identifies the number of 
pieces, weight, and cubic volume of cargo (other than U.S. 
mail) received onboard by COD or VOD. As a practical matter 
these figures should be regarded as estimates of the actual 
values. Both cargo and mail p/w/c represent the material 
received onboard the previous day. This data was entered on 
the date prior to the AMRR. Because of the volume of data 
represented by p/w/c only the weight was input into the data 
base. This should be a sufficient proxy for the size and 
effectiveness of the pipeline. Data for material received 
while inport is not readily obtainable. 

Mail receipts p/w/c identifies the number of pieces, 
weight, and cubic volume of U.S. mail received onboard via 
COD or VOD. The piece count represents an estimated count 
of mail bags and individual loose boxes. The weight and 
cube figures are also estimates. It is important to note 
that a significant percentage of requisitioned material is 
shipped through the U.S. mail. Material moving in the cargo 
category typically has a large cube or is material which 
must be shipped via traceable means (individually manifested 
through the transportation system) . This data was entered 
on the date prior to the AMRR date. 
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3 . Data from the Financial Inventory Reports 

The FIR (Financial Inventory Report) 3 ' 4 is one of 
several automated reports generated by the SUADPS (Shipboard 
Uniform Automated Data Processing System) each month and 
mailed to CNAP. The FIR reports the dollar value of 
inventory held onboard at the end of the month by cognizance 
symbol. It provides the opening inventory, receipts, 
expenditures and closing balance. Investment levels for 9 
Cog inventory were not documented because of time 
constraints on data collection. The following data should 
provide a sufficient representation of inventory investment 
levels for the thesis analysis. 

7RC2R) Cog Opening Inventory Investment represents 
the financial investment tied up in repairable aviation 
components as of the beginning of the month. The Navy 
shifted from APA to NSA funding of aviation depot level 
repairables in April of 1985. The MINITAB data base will be 
named M 7RInvst". The reader can assume that dollar figures 
for time periods prior to April 1985 reflect the 2R Cog 
inventory balances. All values in the data base for both 7R 
and 1R are in thousands of dollars. 



3 Naval Supply Systems Command Publication 519, SUADPS 
Operations Manual . 

4 Commander Naval Air Force United States Pacific Fleet 
Instruction 4440. 14C, Afloat Inventory Management . 30 April 
1985. 
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1R Cog Opening Inventory Investment represents the 



financial investment tied up in non-repairable aviation 
specific parts as of the beginning of the month. 

Price Inflator — Because the inventory values were 
reported in nominal dollars a price inflator factor was 
obtained from the Naval Supply Systems Command Headquarters. 
The price inflator was used to convert the nominal dollar 
values from a given year to constant dollars for use in the 
data analysis. 



Base: Fiscal Year 1987 



nominal year 


1986 


1985 


1984 


1983 


inflator 


1.0 


1.0372 


1.0752 


1.1141 



Both the 7R and 1R investment levels are reported 
only once per month. For the purposes of analysis it was 
assumed that the opening inventory level would be a constant 
over the entire month (in reality this was not the case) . 
Therefore, the opening inventory balance was duplicated and 
entered into the data base as the daily investment level. 

4 . Data from the Aviation Supply Management Report 

The AVSMR 5 is a weekly report sent to CNAP from the 
carrier's supply department. The purpose of the report is to 
identify areas where CNAP assistance is required, and 

5 Commander Naval Air Force United States Pacific Fleet 
Instruction 4423. 8A, Operations Manual for Supply Support of 
Aircraft Systems . 12 December 1983. 
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provide information for the construction and maintenance of 
a Pacific Fleet Aviation Logistics Support Data Base. 

The AVSMR contains a myriad of data elements. The 
majority of the data has been aggregated into weekly 
averages or totals from daily work sheets which are not 
available at CNAP. There are several data elements that are 
reported only monthly. Those represent aggregated monthly 
averages or totals. The following data elements were 
selected for use in this thesis. 

Rotatable Pool components AWP is the number of Pool 
components, either WRAs or SRAs , which were in the AIMD 
repair cycle awaiting parts at the end of the week. This 
data element was entered into the data base on the ending 
date of the week. 

Total components AWP is the total number of 
components, either Pool or Non-Pool, that were in the AIMD 
repair cycle awaiting parts at the end of the week. This 
data element was entered into the data base on the ending 
date of the week. 

Off-ship AWP requisitions is the total number of 
requisitions outstanding at the end of the week. If an item 
is required for the repair of a component being repaired by 
AIMD, and the item is not in stock (NIS) or not carried (NC) 
onboard, then a requisition is passed off-ship into the 
supply system. This data was entered into the data base on 
last date of the week. 
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Broad-arrow Benches refers to the number of specific 



work benches (avionics, electronic, or hydraulic test 
equipment) which are not functioning. This is a significant 
statistic in that one bench frequently supports intermediate 
level repair on several repairable components for one or 
more types of aircraft. The loss of one important bench can 
mean the loss of all repair capability for several critical 
aircraft components. In as much as critical component 
supply inventory allowances are computed, in part, using 
expected AIMD repair turnaround times, loss of repair 
capability or significant increases in turnaround times will 
guarantee a degradation of aircraft readiness. This data 
was entered on the ending date of the week. 

AVCAL demands is the monthly total of non-pool 
requisitions received for AVCAL material, that is, all 
aviation support related requisitions received by the supply 
department which were not for an item carried in the 
rotatable pool. The total monthly figure was divided by the 
number of days in the reporting period yielding the average 
requisitions per day. The daily average demand was entered 
into the data base. 

Pool demands is the monthly total of requisitions 
received for items carried in the rotatable pool. The 
average daily demands were calculated and entered into the 
data base. 
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AVCAL Net Effectiveness is the aggregate monthly 



fill rate of requisitions for material carried (number of 
AVCAL issues divided by the number of requisitions for 
carried AVCAL inventory) . It was assumed that the 
effectiveness reported at the end of the month was the 
average daily effectiveness. Thus the AVCAL Net 
Effectiveness data were duplicated and entered as a daily 
figure. 

AVCAL Gross Effectiveness is the aggregate monthly 
fill rate for all AVCAL requisitions (number of AVCAL issues 
divided by the total number of requisitions) . This data 
element was entered into the data base as a daily figure 
like net effectiveness. A distinction is made between 
aviation and ship support requirements with statistics 
calculated and reported separately. 

AVCAL line items is the number of line items 
(inventory range) carried in the ship's inventory for 
aviation support as of the end of the month. The figures 
will vary from month to month based on automated demand 
based stocking programs and manually computed allowance 
changes. It was assumed that this was a snap-shot figure 
and the data was entered into the data base once as of the 
ending date of the report period. 

Percent Range on-hand is an end of the month snap- 
shot of the percentage of inventory line items with a 
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quantity on-hand. Entered into the data base on the ending 
date of the report period. 

Percent Line items with on-hand balance greater than 
or equal to Reorder Level CRO) an end of the month snap-shot 
of the percentage of inventory line items whose on-hand 
balance is equal to or greater than their reorder level. 
Entered into the data base on the ending date of the report 
period. 

Number Inductions into AIMD is the monthly total of 
repairable components inducted into the AIMD repair cycle. 
This data element was divided by the number of days in the 
reporting period to yield an average daily induction figure. 
The daily figure was entered into the data base. 

RFI rate represents the percentage of those monthly 
inductions which were successfully repaired by AIMD. The 
RFI, AWP, and AWM rates were each assumed to represent the 
average daily rate. Each figure was duplicated and entered 
into the data base as a daily data element. 

AWP rate represents the percentage of monthly 
inductions which went "hard AWP". If a piece part required 
by AIMD to repair a component is not immediately available 
onboard, the component and the list of required parts is 
forwarded to the AWP unit of supply. The AWP unit will then 
attempt to locate the part on board or pass a requisition 
off ship. Only those components being turned over to the 
AWP unit are counted towards the "hard" AWP rate. This 
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procedure reduces tremendously the amount of paperwork and 
computer data entry time required for the AIMD and Supply 
Department. 

AWM rate represents the percentage of monthly 
inductions which could not be immediately placed "in work" 
and were therefore placed in an "awaiting maintenance" 
category . 



C. THE DATA ELEMENTS 

The following tables list each data element collected, 
the MINITAB nomenclature, card column and the category, 1-4, 
which the element is expected to measure.® 



DATA SOURCE FIR 



1 


MINITAB | 


Measurement 


Data Element | 


Name/Column j 


Category 


7R(2R) Cog Opening | 

Inventory Investment j 

1 


7RInvst C3 | 

1 

| 


2 


1 

1R Cog Opening | 

Inventory Investment | 


1 

IRInvt C4 | 

1 


2 


MINITAB card column 


Cl contains the 


carrier 



deployment indicator. Card column C2 contains the date 
index. 



6 From page 36, the measurement catagories are: 1) 
demand for logistic support, 2) onboard supply support, 3) 
external supply support and 4) aircraft readiness. 
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DATA SOURCE AMRR 



1 

Data Element | 


MINITAB 

Name/Column 


1 

1 


Measurement 

Category 


MC rate | 


MC 


C20 | 


4 


1 

FMC rate | 

1 


FMC 


1 

C21 | 

i 


4 


Flying Hours | 


FlyHours 


1 

C23 | 


1 


i 

FMC Sorties | 

1 


FMCSort 


1 

C24 | 
1 


1 


1 

# A Condition | 

Aircraft j 

1 


#ACond 


1 

C2 5 | 

1 

i 


1 


1 

Date last COD/VOD | 

l 


COD/VOD 


i 

C26 | 

I 


3 


1 

Aircraft | 

Cannibalization j 

1 


C ANN IB 


1 

C27 | 

1 

1 


2 


1 

# NMCS/PMCS require- | 

ments AWP j 

1 


N/PAWP 


1 

C28 | 

i 

i 


2 


1 

Inport Periods | 


Inport 


1 

C29 | 


3 


1 

Cargo receipts p/w/c| 

1 


Cargo 


1 

C30 | 

i 


3 


Mail receipts p/w/c | 


Mail 


1 

C31 | 

i 


3 


1 

Total weight | 


Tweight 


1 

C32 | 

l 


3 


1 

Days since last Port| 


Portdays 


1 

C33 | 


3 
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DATA SOURCE A VS MR 



Data Element 



MINITAB 

Name/Column 



Measurement 

Category 



Rotatable Pool 
components AWP 


PoolAWP 


C5 | 
1 


2 


Total components AWP 


TotalAWP 


C6 | 


2 


Off ship AWP 
requisitions 


AWPRqns 


1 

C7 j 

1 

1 


2/3 


Broadarrow Benches 


BrdwBchs 


1 

C8 | 

i 


2 


AVCAL demands 


AVCALDmd 


1 

C9 | 

i 


1 


Pool demands 


PoolDmd 


1 

CIO 1 


1 


AVCAL Net 
effectiveness 


AVCALNet 


1 

Cll 1 

1 

1 


2 


AVCAL Gross 
effectiveness 


AVCALGRS 


1 

C12 | 

1 

i 


2 


AVCAL line items 


AVCALine 


1 

C13 | 

i 


2 


% Range on-hand 


Range% 


1 

C14 | 


2 


% Line items with on 
-hand balance >= RO 


o 

o\o 


C15 | 

1 

i 


2 


# Inductions into 
AIMD 


Inducts 


1 

C16 | 

i 

i 


1 


RFI rate 


RFI rate 


1 

C17 | 

i 


** 


AWP rate 


AWP rate 


1 

C18 | 

I 


** 


AWM rate 


AWM rate 


1 

C19 | 


** 



** These data elements were not collected specifically 
for the thesis model and therefore do not fall into one 
of the four categories of measures. 
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D. DATA EXCLUDED 



Of the many measures included in discussions about 
readiness and onboard logistic support, the number of NMCS 
and PMCS requisitions offship is normally given considerable 
weight. However, the author feels that this statistic is an 
inadequate measure of the overall onboard logistic support 
system's performance. It is, rather, a measure of success/ 
failure in correcting readiness degradation after it has 
occurred . 

For a NMCS/PMCS requisition to be passed offship two 
subsystems of the onboard logistic support system must not 
have performed as desired and in some cases the external 
logistic support system must also not have performed well 
(in the case of a repairable component). 

First, the supply subsystem must have failed by being 
not in stock (NIS) at the time the demand occurred. Or, the 
required material may have been not carried at the time of 
demand. In the second case a failure of a much larger 
process has occurred. Whether or not a part is carried 
depends upon the initial engineering assessments of 
component failure rates (reliability) , the time required to 
perform maintenance (maintainability) and the designed 
operational availability (A 0 ) 7 . It also depends on 

7 A q = mean time between maintenance/mean time between 
maintenance plus mean maintenance down time. Ref: 

Blanchard, B. S., Logistics Engineering and Management . 3rd 
ed. , Prentice-Hall, Inc., 1986, p. 65. 
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historical failure data, funding, and the outcome of face to 
face allowance negotiations between the ship and the 
inventory control point. 

Second, AIMD must have failed to repair the component 
(EXREP) . 

And thirdly (if AIMD needed a part which was again 
NIS/NC in Supply) the external logistic support system must 
have failed to fill the required offship AWP requisition 
within the required time frame 8 . The component would then 
be classified as beyond the capability of maintenance (BCM 
4) for the lack of parts. 

There is no requirement for mathematical modeling in 
order to show that the faster offship NMCS/PMCS requisitions 
are delivered to the ship, the higher readiness will become. 
It is the realization that with an umbilical cord almost 
continuously attached to the ship, the incremental 
(marginal) increases or decreases in reported readiness 
reflect the effectiveness of the external logistic support 
system and not the underlying onboard system. But, it is 
the onboard system alone that will be the only source of 
support during periods when the logistics pipeline is cut. 



8 CNAP provides policy guidance on how long this time 
should be. 
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V. A PRIORI ASSUMPTIONS AND EXPECTATIONS 



This chapter describes the framework from which data 
analysis was conducted. While defining the initial 
direction of the thesis, assumptions were made about how a 
model would be constructed, what data elements would be 
included and how those data elements were expected to 
interrelate. The selection of the data to be collected was 
based on these a priori assumptions and expectations. 

A. THE PRIMARY ASSUMPTION 

Prior to the commencement of the forecasting model 
construction there must be some conceptual equation from 
which to proceed. The functional relationship that the 
author set out to quantify was that readiness is a function 
of : 

1. The level of demand placed upon the logistic support 
system through the tempo of aircraft flight operations 

2 . The success of the onboard logistic support system in 
restoring failed aircraft systems 

3. The ability of the external logistic support system 
to : 

a) maintain the capacity of the onboard logistic 
support system and 

b) redress specific failures of the onboard logistic 
support system 

4. Inherent aircraft reliability and maintainability. 
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B. THE MODEL 



The qualitative description of the relationships out- 
lined in Section A is presented below in the form of a 
mathematical equation. Each element of the equation is 
described in detail in this section. 

R = f ( D, 0 , E , A) 

where : 

R = readiness 

D = the level of demand 

0 = onboard logistic support 

E = external logistic support 

A = aircraft reliability/maintainability. 

1 . Readiness fR) — The Dependent Variable 

The objective of the thesis is to construct a model 
with which to predict the value of readiness given changes 
in demands on, and quality of, the onboard logistic support 
system. 

Mission capable (MC) , and full mission capable (FMC) 
are the data elements which will be used to represent 
aircraft readiness. 

FMC is expected to be the more sensitive of the two 
indicators because it is an incremental measure. It 
expresses the number of aircraft that are both MC and FMC 1 . 
MC could represent more of the underlying logistic support 
quality while FMC measures the marginal/incremental efforts 
of the system. 

1 It is possible to have 0% FMC while maintaining 100% 
MC. While this is unlikely, it does mean that every 
aircraft could be missing one of its mission subsystems. 
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The primary questions of the thesis revolve around 
the theoretical decay pattern of readiness in the event of 
an extended interruption in the logistic pipeline. Figure 
5-1 shows the author's subjective estimation of that decay 
pattern. The inserts within the graph suggest possible 
explanations for the shape of the decay pattern. 

There were no observations, in the three years of 
data, when a carrier operated for more than 12 days without 
a port call or COD/VOD delivery. For this reason, forecasts 
of readiness outside the relevant range must be interpreted 
with caution. The prediction interval for readiness from 
the regression equation is described in Chapter VII. 

It should be emphasized that actual observations in 
the data base will not statistically allow the extension of 
such a pattern out to 100 days. And, it is unrealistic to 
assume that MLSF resupply would not reach a battle group 
within ten to fourteen days. However, neither has a carrier 
had to operate for more than 12 days without either a port 
call or a COD/VOD delivery. So, as will be discussed later, 
no data in the range of 15-30 days is available to confirm 
or deny the postulated effects that an AWP requisition 
backlog (note 2 below) may have on pool availability and 
thus aircraft readiness. 
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Readiness Behavior 




Days since lost COO /V 00 



Notes : 

1. The first cause of readiness degradation will be the 
loss of off-ship NMCS/PMCS requisition receipt flow. A 
secondary effect will be the commencement of a buildup 
in repairable components awaiting parts (AWP) and a 
corresponding increase in off-ship AWP requisitions. 

2. As a result of the backlogs in AWP, rotatable pool 
balances will begin to go to zero. As more pool line 
items become NIS the readiness levels will drop quickly. 

3. Counteracting the effects of the pool inventory 
decline will be the aggressive cannibalization actions 
on both aircraft and components in the AIMD repair 
cycle. 

4 . The impaired capacity of the system to manage in 
this now crisis environment may result in decline of 
overall productivity. 

5. Exhaustion of AVCAL inventory levels will keep the 
readiness levels moving downward. 



Figure 5-1 Readiness Behavior 
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Mathematically, Figure 5-1 can be modeled using a cubic 
polynomial equation 2 . 

R = a - b x X - b 2 X 2 + b 3 X 3 



where : 

R = readiness 

a = readiness at time 0 (y intercept) 
x = days since last COD/VOD and Port call 
b^ = coefficient of partial regression. 

Assuming initial values for FMC of 81% at time 0 and 
51% at time 100, thirty points made up from the graph in 
Figure 5-1 were regressed by MINITAB using the above 
equation with the following results: 

R = 82.4 - . 394X - .00262X 2 + .000035X 3 
t-ratios 89.8 -5.0 -1.4 2.77 

R 2 (adj) = 98.1% Note: b 2 is not statistically significant 

Figure 5-2 shows the original pattern from Figure 5- 
1 plotted with the calculated R from the regression output. 
From this comparison the reader can judge what the best 
possible regression plot using the actual collected data 
might look like. 



2 A polynomial function can be used to express a curve 
which increases or decreases up to a certain point and then 

reverses the trend. [Prof. Shu S. Liao, draft text, 
Analytical Techniques for Financial Management ! A cubic 
equation allows that change of direction to take place twice 
as is the case in Figure 5-1. 
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Readiness (FMC) 



Readiness Behavior 




— =*- Calculated Pattern — Proposed Pattern 



Figure 5-2 Readiness Behavior 



2 . The Level of Demand {_Dj 

Six types of data were collected as candidate 
independent variables: flying hours, sorties, number of "A" 
condition aircraft, AVCAL demands, pool demands, and 
inductions into AIMD. After more consideration of the 
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relationships between these elements it was decided that 
AVCAL demands, pool demands and inductions were an output of 
aircraft reliability and maintainability. Therefore, those 
three elements where not used in the analysis process. 

Figure 5-3 depicts the envisioned relationships. 




Inputs Outputs 



Figure 5-3 Input/Output Model of Aircraft Reliability 
and Maintainability 

a. Flying hours 

Readiness is expected to decline as the total 
number of flying hours increases. As an aircraft is used 
more, the number of required maintenance actions and 
component failures will increase as a function of the 
aircraft's inherent reliability and maintainability. 
Secondly, during days of heavy flight operations, 
opportunities to perform scheduled and unscheduled 
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maintenance are limited by the demand for aircraft to fly 
and deck spots to work on the aircraft. Counteracting this 
downward force is the capacity of the onboard logistic 
support system to maintain and repair the aircraft. 

A single day of heavy flight operations may not 
result in a decline in readiness the following day. Several 
days of sustained heavy flight operations will probably 
result in a decline in readiness in the future. Thus, 
readiness trends may lag actual flying hours. The data base 
was analyzed to select the best lag factor for the model. 

Composite variables such as flying hours per 
sortie, flying hours per A condition aircraft and sorties 
per A condition aircraft were tested during model 
development. The only such composite to survive was the 
number of flying hours per "A" condition aircraft. All the 
others dropped out as statistically insignificant or too 
redundant (multicollinearity) . 

b. Number of Sorties 

The number of sorties may increase the 
probability that an aircraft system or subsystem will fail. 
Some systems may not be used or stressed as a function of 
flying hours alone. The sortie rate is expected to be a 
leading indicator of readiness. A negative coefficient of 
regression is expected. 
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c. Number of "A" Condition Aircraft 

The number of aircraft is the base over which 
the demand for flying hours and sorties is spread. It also 
represents the total number of weapons systems for which 
logistic support capacity must be maintained. The more 
aircraft which must be maintained and supported the higher 
the potential demand on the logistic support system. 

3 . Onboard Logistic Support (CM 

This was the most difficult measure to quantify. 
Thirteen data elements were collected as candidate 
explanatory variables (see tables in Chapter 4) . Eight were 
chosen for inclusion in the initial regression analysis: 7R 
cog inventory investment, 1R cog inventory investment, 
aircraft cannibalization, broadarrow benches, AVCAL gross 
effectiveness, AVCAL line items, percent AVCAL range on- 
hand, and percent of line items with on-hand balances 
greater than or equal to their reorder point. 

A complicating factor here is that both readiness 
levels and the capacity for onboard logistic support are 
affected simultaneously by the effectiveness of the external 
logistic support system through the COD/VOD receipt and port 
call frequencies. 

Some of the data elements are statistically 
dependent on each other. These dependent relationships will 
introduce some multicollinearity into the regression 
calculations . 
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a. Aircraft Cannibalization 

The aircraft cannibalization rate may be 
considered a function of both the squadron's maintenance 
philosophy and their perception of supply availability and 
response time. For the purposes of the thesis it is assumed 
that aircraft cannibalization represents a measure of the 
quality of supply support. 

Cannibalization actions are taken to improve 
aircraft availability. However, the frequent removal and 
replacement of RFI components may increase the probability 
of their failure? therefore, excessive use of cannib- 
alization actions may actually decrease readiness. 

A negative coefficient of regression is 

expected. 

b. Broadarrow Benches 

The number of major test benches in AIMD that 
are broken was used as one measure of the logistic support 
system capacity. Presumably, the less repair capability 
available, the higher the likelihood that readiness will be 
degraded through the reduced availability of replacement 
components . 

A negative coefficient of regression is 

expected. 

c. AVCAL Gross Effectiveness 

Gross effectiveness was used in favor of net 
effectiveness as it is a better measure of the ability to 
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provide support from onboard assets. Rotatable pool 
effectiveness was not used because it depends heavily on the 
AVCAL, AIMD and off-ship AWP requisition receipt flow. 

d. AVCAL Line Items 

The broader the range of repair parts carried 
onboard the higher the probability that a requested part 
will be carried. This is expected to have a high degree of 
correlation with gross effectiveness. A positive 
coefficient of regression is expected. 

e. Percent of Range on Hand 

If the item is carried, it must also be onhand 
for issue when the demand is received. The percentage of 
range onhand is a measure of the counteracting effects of 
consumption and resupply activity. The days since last 
COD/VOD and/or port visit will have a negative effect on 
this measure. 

A positive coefficient of regression is 

expected. 

f. Percent of Line Items with On-hand Balances 

Equal to or Greater Than Their Reorder Point. 

This is a measure of the capacity utilization of 
the AVCAL and the success of resupply activities. A low 
percentage indicates that inventory levels are being 
consumed without corresponding resupply. The lower the 
percentage the more likely a stock out will occur. 

A positive coefficient of regression is 

expected. 



64 



g. 7R and 1R Cog Inventory Investment 

In addition to knowing the number of line items 
stocked, it is equally important to explore the cost of 
carrying the material in the inventory. A constant dollar 
investment level was used in the analysis (see Chapter IV, 
Section B. 3 ) . 

A positive coefficient of regression is 

expected. 

4 . External Logistic Support fE) 

External logistic support is construed to be: 

a) issue of material from any ashore supply activity to 
fill a direct turnover (DTO) requisition 

b) issue of material from any ashore supply activity to 
fill a stock replenishment requisition 

c) technical publications and/or guidance required to 
affect repair of an aircraft 

d) test and support equipment additions/replacements 

e) replacement personnel and/or specially trained repair 
personnel 

f) the transportation and delivery of items (a) -(e) to 
the ship. 

There are many measures of external logistic support 
that could be constructed. We tried to quantify external 
logistic support effectiveness by answering two broad 
questions. How frequently was the pipeline connected to the 
ship? And, what was the capacity or flow of material that 
actually occurred while the pipeline was connected? Four 
data elements where collected to answer these questions; 
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inport periods, cargo receipts, mail receipts and days since 
last COD/VOD. 

a. Inport Periods 

The quantity of material received during a port 
visit was not available. It is possible to generalize and 
say that the quantity of material received in a "liberty" 
port will be significantly less than that received in a 
"working" port. It is assumed that more transportation 
priority one (TP1) cargo and first class mail (which will 
contain parts requisitions) will reach the ship while in a 
liberty port than will general cargo and stock 
replenishment. 

Readiness is expected to show significant 
improvements following any port call while supply support 
indicators, such as AVCAL gross effectiveness, are not 
expected to be improved after a liberty port call 3 . For 
this reason, a variable was constructed to measure days 
since the last working port. A liberty port call will be 
considered as a day with a COD/VOD delivery. This 
arrangement is designed to separate the short term effects 
of DTO requisition receipts and the long term maintenance of 
support capacity which is provided by large quantities of 
stock replenishment requisitions. 

3 It is not typical for a large volume of TP2 and 3 
cargo to be routed to a ship while in a liberty port. Thus 
there would not be significant receipt of stock 
replenishment material. 
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b. Cargo and Mail Receipts 

The total weight of mail and cargo received per 
COD/VOD delivery addresses the question of pipeline 
capacity. It is expected to have a positive coefficient of 
regression. 

During the data collection process it was 
observed that mail and cargo receipt information was 
inconsistently reported between carriers. Some carriers did 
not report cargo receipts. Sometimes the same piece/- 
weight/cube was reported for two or three consecutive days. 

When very large weights were reported, it was 
assumed that they were replenishments from a MLSF ship which 
had picked up consolidated air and/or surface shipments from 
an advance logistics port (such as Diego Garcia, located in 
the Indian Ocean) and ferried the cargo out to the battle 
group. It is impossible to differentiate between such 
consolidated deliveries and those that were transported for 
only one or two days from a much closer airhead, such as 
Mesirah on the north east coast of Africa. 

The weight received ranged from 0 to over 
340,000 lbs. It can only be assumed that those weights 
between 1-13,000 lbs were received by COD 4 , or a small 
VERTREP, while those between 13,000 and 340,000 lbs could 

4 Based on the receipt of cargo from two US-3A's with 2 
external cargo pods. Reference; Center for Naval Analyses 
Report 1138 — Vol. I, Aircraft for Carrier Onboard Delivery , 
by N.L. Spruill, J.A. Berning Jr., C.C. Peterson, and CDR. 
J.J. Seeberger USN, June 1980. 
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only be received via VERTREP from a nearby airhead, or from 
an MLSF pick-up from a major logistics port. Figure 5-4 
shows the actual frequency distribution of cargo plus mail 
weight. 



Cargo/Mail Total Weights 



Frequency Distribution 




Figure 5-4 Cargo/Mail Total Weights 



While these are significant assumptions, they 
are important to the analysis. They are needed in order to 
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conceptualize the length of time the material may have been 
in the pipeline by the time it reached the carrier, 
c. Days Since Last COD/VOD 

The number of days since the last COD/VOD 
receipt is the single most important explanatory variable in 
the data base. It addresses the question of how frequently 
the pipeline is connected to the carrier. The problem is 
that in order to perform quantitative analysis there must be 
sufficient data points in the realm of interest to analyze. 
Base on the actual frequency of COD/VOD deliveries, it is 
clear that the Navy recognizes the importance of external 
logistic support. The result, however, is that the range of 
observed days since last COD/VOD is very narrow and highly 
skewed. 

Figure 5-5 shows the frequency distribution of 
days since last COD/VOD delivery. As pointed out in 
Chapter I, for every seven days a carrier was at sea it 
received material an average of 5 times. The range of 
observations was a severe limit on the explanatory value of 
this data element. It was unfortunate that more 
observations in the range of 10-15 days duration were not 
available from which to draw statistically significant 
conclusions . 

The effects of the time between COD/VOD 
deliveries on readiness are two-fold. First, DTO 
requisition receipts for NMCS/PMCS requirements will have an 



69 



Frequency 



Days Sine© COD/VOD 

Frequency Distribution 




since last COD/VOD 
Frequency 



Figure 5-5 Days Since COD/VOD 

almost immediate positive effect on readiness, as will the 
receipt of AWP parts for NMCS/PMCS requirements undergoing 
expeditious repair (EXREP) in AIMD. Second, the receipt of 
AWP requirements will improve the availability of stock 
(both rotatable pool and non-rotatable pool) via the AIMD 
repair cycle. This will also have a positive effect on 
readiness but on a less immediate basis. A number of lag 
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